Introduction
Xonotlite is a fibrous hydrated silicate of calcium whose chemical composition, Ca6Si6017(OH)2, is closely related to that of wollastonite,
CaSi03.
Upon dehydration, xonotlite is in fact transformed into wollastonite, the b-axis of which being parallel to the fibre axis, b, of xonotlite (Heller, 1951; Dent and Taylor, 1956 ).
Like wollastonite, xonotlite has a strong pseudo-translation of b12, reflections with k odd being very weak and tend to be badly drawn out thus hindering straightforward determination of its true crystal structure. Using k even reflections only, Mamedov and Belov (1955) carried out structural study and proposed the structure of a P21a xonotlite which contains double silicate chains each having the composition, [Si6017Jlo-. Although Gard (1966) reported, by electrondiffraction study, several polytypic variants of xonotlite crystals, it has since been unsuccessful to establish, by X-rays, any structure type of xonotlite.
Further structural study is therefore of substantial need to elucidate full details of the structure, thereby providing a basis to discuss polytypism of this mineral species. The polytypism of xonotlite is of particular interest because its polytypic variants may occur in such a way that they vary both a and c periodicities, whereas those of wollastonite only the periodicity of a. In the following we give an account of the results of our study on xonotlite which has been carried out with the use of crystals exhibiting relatively sharp k odd reflections.
Experimental
Crystals used in the present investigation came from Heguri, Chiba Prefecture, Japan. The result of a wet chemical analysis (Table 1) is in good agreement with the ideal chemical formula of xonotlite, Ca6Si6017(OH)2'
The crystals from this locality have a characteristics that they exhibit relatively sharp odd-level reflections about b though overlapped with diffuse streaks; thus they permitted us to determine the true crystal lattice of the material. Since the crystals have the shape of a fine needle. with b parallel to the needle, we recorded the reciprocal Table   l . Chemical composition.
-------------..------------
Chemical
Number of analysis cations (Tiba, 1974) for 18 oxygen a toms SiO, 49.99 (Fig. 3) . The dimensions of these cells are compared in Table 2 (,u=22.49 cm-I) and extinction effect.
The reflections with k even correspond to the reflections from the average structure having the monoclinic cell, am, bm, Cm, which is common to both individuals; each reflection is a composite of two reflections which may be assumed to have, to a very close approximation, the same intensity because of the local mirrors (vide infra).
Whereas the reflections with k odd, which we measured, are from only one of the twin individuals.
We therefore used for structure refinement, different scale factors for these two different sets of reflections.
We shall come to discuss this point later.
Determination of the structure Average structure
The structure analysis was initiated with the determination of the monoclinic average structures having the unit cell am, bm, cm, and space group C21m. As a starting model, the atomic coordinates were derived from those of the Mamedov-Belov's structure by superimposing the translation, b12, onto the structure.
Regarding their structure, we should note that they assumed {3angle to be 900, which we measured as 90.3T. If one fails to detect, for j3 angle, such a small deviation from 900, it is in general certainly impossible to distinguish one from the other of the two distinct sets of monoclinic a, b, c and aI, bl, cl (=a, b, c) , giving rise to a possibility that hkl reflections, for example, are incorrectly assigned as hkl for a given set of axes. A comparison of the intensity distribution we obtained and that by Mamedov and Belov (1956) (Table I ). The result of the refinement which was carried out using scattering factor for Ca was: 0.990(3), 0.999(3) and 0.977(4) respectively at Ca(I), Ca (2) and Ca(3) sites. The deficiency at Ca(3) would seem to be significant; vacancies or monovalent cations, like Na, would perhaps be located around this site. The atomic coordinates and thermal parameters are respectively given in Table 3 . A list of observed and calculated structure factors may be obtained upon request from the Mineralogical Institute of the University of Tokyo. Ca (1) 13 ( (3) 13 (2) 21 (2) 8 (1) 3(2) 1 (1) -1 (1) 0(1) 32 (7) 90 (12) 27 (3) 8 (8) 6(4) -3(5) 0 (2) 61 (6) 42 (7) 14 (2) 20(5) -3(2) -1 (3) 0 (3) 32 (5) 41 (7) 14 (2) 9(5) 7(2) 0(3) 0 (4) 32 (5) 39 (7) 14 (2) 2(5) 0(2) 4 (3) 0 (5) 41 (5) 48 (7) 12 (2) 21 (5) 0(2) 4(3) 0 (6) 45 (5) 47 (7) 11 (2) 3(5) 2 (2) -4(3) 0 (7) 15 (4) 40 (7) 19 (2) 7(5) -13(2) -2(3) 0 (8) 31 (5) 56 (7) 9(2) 2 (5) 7(2) 4(3) 0 (9) 28(4) 24(6) 2 (1) 2(4) -4(2) 1 (2) 0 (10) 25 (5) 69 (8) 23 (2) 10 ( The evaluation of final atomic parameters
From the final atomic coordinates we calculated the deviation of each atomic pair from the local-mirror symmetry (Table 4) . Although the average deviation is larger than that of wollastonite (Ito et al., 1969 ; Yamanaka et al., 1977) , the deviations of most of the pairs are in the order of standard errors except the following three pairs: Ca(2), Ca(3); 0(3), 0(4); 0(7), 0 (8) (Fig. 4) . The sheet and adjacent similar ones are joined together by silicate chains to form bulk of the structure (Fig. 5) . The silicate chains, having a composition of SicO,", consists of two Si30g chains, each of which is of the wollastonite type.
To show the relationship between the present structure and the structure given by Mamedov and Belov (1955) , it is convenient to look upon the AI structure as a juxtaposition of certain monoclinic cells. Noting the existence of the monoclinic average structure, we can readily visualize such a monoclinic cell underlying the AI cell (Fig. 6 ). As will be observed in Fig. 6 the cell will have the following dimensions:
ap=8. 516, bp=7.363, cp=7.012, pp=90.37° . By analogy (Fig. 7a) , and on (001) with glide b/Z that the gliding occurs alternately in the c-direction (Fig. 8b) . Note that, in general, the (Fig. 7b) , and the glidings of cells, by b12, do not occur in the direction of c (Fig.8a ). Fig. 3. p-xonotlite.
An account will be given elsewhere of systematic derivation of xonotlite polytypes. We give in Table 5 the bond lengths of the AI xonotlite, and in Table 6 bond angles and interatomic distances.
The configuration of silicate chain
The pair of wollastonite chains that form a xonotlite silicate chain are linked together by sharing apical oxygen atoms locating at centers of symmetry (Fig. 4) .
The double chain provides a rare example of the angle, 1800, that occurs at the set of bridge oxygen atoms, 0(1). The isotropic tem- In order to show the difference in the relative arrangement of OH groups due to the difference in stacking mode, a pair of octahedral columns of Ca is indicated in each figure, solid circles labelled P, Q, R, S, T and U representing OH groups.
The OH-OH distances are P-Q=5.956A, Q-R=5.991A, R-S =U-V=5.128A, T-U=4.710A. (2) Ca (3) Si (1) Si (2) Si (3) l' Polytypism of xonotlite:
(I) Structure of an AI poly type perature factor of 0(1) shows a relatively large value (Table 3 ). The thermal ellipsoid of this oxygen atom however has features which are comparable with those of other bridge oxygen atoms such as 0(2), 0(5) and 0(6) (Fig. 4) . In addition, there appears to be no Table 6 . ( evidence that the structure could be acentric. Therefore, the angle at 0(1) seems to be significant. The bridge bond length of 1.600A.
for Si(3)-0(1) is indeed very close to the expected value, '" 1.596A.
for the angle (see Fig. 6a in Gibbs et al., 1972) . In turn, the Si(3)-0(9) bond in the same tetrahedron shows small value of 1.565A..
Note that this particular tetrahedron, Si(3), share, with adjacent tetrahedra, three corners, 0(1), 0(5) and 0(6); 0(9) is only one nonbridge oxygen atom in the tetrahedron. Such a tetrahedra, which often occurs in silicates like micas and amphiboles, tends to be, in general, elongated towards non bridge oxygen atoms (Takeuchi, 1975) .
Contrary to this, the tetrahedron, now considering, is rather flattened. This is explainable because two edges, 0(5)-0(9) and 0(6)-0(9) which of xonotlite: (I) Structure of an AI poly type meet at 0(9), are shared with those of the polyhedra about Ca(3) and Ca(2) respectively (Fig. 9) ; the short bond length for Si(3)-0(9) would probably be, at least in part, due to such a structural hindrance. Fig. 9 . The linkage of the polyhedra about Ca(2) and Ca(3) and a silicate chain.
Small solid and open circles respectively represent Si and Ca atoms.
The tetrahedra about Si(l) and Si(2) also show modes of distortions which are not common in silicates.
The nb edges are significantly longer than bb and nn edges; here, nb=edge between nonbridge and bridge oxygen atoms. In general, nb edges have lengths between those of nn and bb, or they tend to be smaller than both bb and nn (Takeuchi et at., 1974) . Such an unusual feature of distortion may, in part, be due to the fact that the nn edges of the tetrahedra are shared by those of Ca-polyhedra; the nn edges are shortened to seal the electrostatic repulsion between Si and Ca. And, in part, to the short 0(2)-0(5) and 0(2)-0(6) edges (Table 6 ) respectively for Si(l) and Si(2) tetrahedra.
The short edges seem to be due to, like Si(2) tetrahedron in axinite (Takeuchi et al., 1974) , the distortion of tetrahedra arisen from packing the link of both tetrahedra in the restricted space of the structure. In the case of axinite, an edge like this shows an even smaller value of 2.430(2)A.
Hydrogen locations and polytYPism
As observed in Table 5 which gives the estimated bond valences calculated with the method of Donnay and Allmann (1970) , the protons occur at 0(10) in the form of OH. The atom related to OH by a translation, b 12, is 0(9) of the Si(3) tetrahedron; this oxygen atom is evidently not equivalent to the hydroxyl group. Therefore when we note the location of hydrogen atoms in the sheet, the pseudo translation of bl2 in the sheet is chemically suppressed. The existence of OH groups in xonotlite has been revealed by infrared spectroscopy (Kalousek and Roy, 1957; Basenow et al., 1964; Rsykin et al., 1969) .
On the other hand, based on H-NMR spectra, Grimmer and Wieker (1971) suggested that part of protons in their synthetic material were associated with silicate chains, giving a formula:
In this expression of chemical formula, the OH group III the same parentheses of Ca is obviously the one at 0(10). The location of protons associated with silicate chains can not be decided from the presently available structural knowledge of xonotlite. The H20 groups would probably be located around the centers of the eight-membered rings of the chains.
Since every OH does not have its pair OH at the position separated by b/2, the relative arrangement of OH with respect to others may vary depending upon types of polytypic variants (Gard, 1966) . P2/a polytype given by Mamedov and Belov (1955) falls, as mentioned before, in this category (Fig. 8a) .
(2) Every other, instead of every, cell is in parallel and continuous position; at the boundary, adjacent cells are displaced relative to each other by 6/2. The present AI structure belongs to this category (Fig. 8b) 
